Restriction of Herpes Simplex virus type 1 DNA (100 x 10 daltons) with EcoRi or Hpa I yields 7 or 16 separable bands respectively. Doublet frequency analysis showed that each fragment resembled intact DNA and although the G + C content of different fragments varied (63-70 per cent G+C), no significant differences were found in their patterns of deviation from random expectation (general designs). These patterns, like that of intact DNA and the DNAS of other large genome viruses, are distinct from the general design of host DNA. The striking similarity of these highly characteristic, sequence dependent properties of HSV-1 DNA fragments, whether they derive from unique or repetitive regions of the genome, give no indication of any difference in evolutionary history or evidence for presence of any significant proportion of host DNA. Double digestion of Adenovirus 5 DNA (f25 x 10 daltons) with EcoRl and Hpa I restriction enzymes yielded nine separate fragments. Doublet frequency analysis showed that eight of these had general designs similar to the intact DNA. One fragment, however, significantly differed from the other eight, exhibiting a general design with considerable resemblance to host DNA. This fragment (approximately 1•5 x 106 daltons) is located between positions 85 and 89 of the conventional physical map where non-essential early proteins are coded.
all the products of a single meiosis are examined, the detection method has the advantage that various origins of meiotic aneuploidy can be distinguished. Asci in which disomic products arc balanced by an equal number of abortive, presumably nullosomic, products arise either through non-disjunction or through equational division. Disomic spores produced in an ascus without any nullosomic products are also found, and cannot be explained in either of the above ways. For these types other explanations such as mitotic nondisjunction or extra replication of the marked chromosomes have to be considered. Using this system it has been possible to detect chemicals which increase the frequency of meiotic aneuploidy.
DIFFERENTIAL OUTCROSSiNG AND THE SEASONAL DYNAMICS OF THE RAYED GENE LOCUS IN SENECIO VULGARIS D. F. MARSHALL and R. J. ABBOTT Department of Botany, University of St Andrews
A detailed census has been undertaken of an extensive waste-ground population of groundsel in Edinburgh. This has involved a monthly count of the total numbers of each of the three genotypes present at the rayed gene locus, together with progeny testing of a sample of families every second month. These data have yielded estimates of gene frequencies and levels of heterozygosity in the adult flowering population together with estimates of the levels of detectable outcrossing within progeny families. The levels of heterozygosity in the adult population show little month-to-month variation, whereas the levels of outcrossing vary with the season from approximately zero in the winter months to a peak value in September. These values correlate with the observed levels of hoverfly activity in the field. A point of particular interest is that detectable outcrossing appears to be totally confined to progeny families derived from rayed homozygotes. Primary trisomics (2n+ 1 = 15) of ryegrass, Lolium perenne L., were investigated with regard to meiosis and pollen fertility in different genetic backgrounds, i.e. in the perennial and perennial x Italian hybrids. The individual trisome transmission ranged from 71 to 368 per cent via egg cells irs the perennial background. The data on the mean chromosome association at meiotic metaphase I suggested that the individual trisomes in the two genetic backgrounds did not differ in mean frequency of the univalents/trivalents. Although, the individual trisomes differed in their mean chromosome association, hybrid background had little or no effect on the meiotic behaviour and chiasma frequency. Primary trisomics had a lower pollen fertility than their respective disomic sibs. The plants in the progeny of the individual trisomics, however, showed a wide variation in pollen fertility, suggesting a strong interaction of the extra chromosome with the plant genotype. After incorporation of the base analogue 5-bromodeoxyuridine in the final mitotic Sphase before meiosis, sister chromatids of locust meiotic chromosomes stain differentially after fluorescent plus Giemsa staining. Demarcation of meiotic sister chromatids in this fashion can be used to examine the relationship between chiasmata and crossing-over as it allows direct comparisons of physical exchanges (Crossovers) with chiasmata in diplotene and diakinesis bivalents. Observations on monochiasmate and ring bivalents have shown that approximately half the chiasmata were associated with visible exchanges of dark and light chromatids, as expected if chiasmata originate by breakage and rejoining events between randomly selected non-sister chromatids. In all the bivalents studied the visible crossover exchanges coincided with chiasmata indicating that terminalisation does not influence chiasma positions in Locusta migratoria.
A proportion of chiasmata were associated with apparently anomalous exchanges of dark and light chromatids. Their origin could not be accounted for by conventional crossingover but could occur either through the coincidence of sister chromatid exchanges and crossovers or through a multiple exchange event involving three, and rarely four chromatids. Following a dose of 30 jg ml of bleomycin at 44h (4h before harvest at 48h) we have shown that the frequency of both chromatid gaps and breaks in lymphocytes from six AT patients was more than three-fold higher than in similarly treated controls. This is rather analogous to the increased level of chromatid type damage seen following exposure to ionising radiation of AT cells in G2, although the differential effect of radiation is much greater than bleomycin. Other types of chromatid damage are also increased following exposure to radiation but apparently not following bleomycin treatment.
THE EFFECT OF BLEOMYCIN ON CHROMOSOMES
We have been able to demonstrate that chromatin in AT and normal cells is Virol. 17, 713, 1976) led us to examine the effects of these Ti functions on recombination and DNA replication. We have measured recombination frequencies in the presence and absence of function of genes 2, 3.5 and 4. In each case the absence of function reduces recombination by at least 10-fold. Analysis of the effects of genes 35 and 4 on DNA replication show that both fail to synthesis the normal concatemeric DNA intermediate and make only genome-sized DNA and that these molecules are unsuitable for packaging into phage particles.
NON-CODING FUNCTIONS FOR EUKARYOTE DNA AND THE
DNA C-VALUE PARADOX The strong correlation of eukaryote C-values with cell and nuclear volume, cell cycle length, and minimum generation time, are explicable in terms of two major functions for DNA unrelated to protein-coding: (1) cell volume control by replicon origins; (2) nuclear volume determination jointly by protein-coding DNA (G-DNA) and non-coding nucleo. skeletal DNA (S-DNA) (J. Cell Sci. 34, 247-278, 1978) . Because it controls the area of the nuclear envelope available for nueleocytoplasmic RNA transport, the nuclear volume has to be adjusted to the cell volume during evolution to allow reasonable growth rates.
The great diversity of cell vnlumes and growth rates, and therefore of DNA contents, among eukaryotes results from a varying balance in different species between i--selection, which favours small cells and rapid growth rates and therefore low DNA C-values, and Kselection which favours large cells and therefore high DNA C-values. In multicellular indicate that the supplementary DNA contributing to the variation within a genus is of a well-defined and uniform composition, with respect both to organisation, e.g. heterochromatin versus euehromatin, and to molecular composition, viz, repetitive versus nonrepetitive DNA base sequences. The uniformity suggests a rigid constraint upon the nature of the chromosomal DNA changes which accompany divergence and evolution.
The genetic significance of the DNA variation among species is by no means clear. We have attempted to assay the effects of variation in supplementary DNA upon the plant phenotype among F5 and baekcross progenies of hybrids between Lolium species with different nuclear DNA amounts. GENOME SIZE AND CHROMOSOME FORM
HERBERT MacGREGOR
Department of Zoology, University of Leicester
Animal and plant genomes come in a wide variety of sizes. This variability is particularly evident amongst the amphibians, where there may be more than a three-fold range in genome sizes, even within a single genus. In certain specific cases, genome and chromosome size have changed in the course of evolution, but chromosome number and the relative dimensions of the chromosomes' arms have remained the same, indicating that the evolutionary changes that led to growth or shrinkage of the genome were evenly balanced over the whole chromosome set. In organisms that have well-defined lampbrush chromosomes, the larger the genome the greater the number of chromosomes at the stage of maximum lampbrush development. Three aspects of this general situation will be examined and discussed:
(1) the direction and mechanism of evolutionary changes in genome size, (2) the special problems posed by the structure of lampbrush chromosomes in relation to genome size, and (3) the way ahead in attempting to explain the evolution and organization of very large Several lines of evidence indicate that coding sequences constitute only a small percentage of the genomic content of higher eukaryotes. In instances where comparisons have been made between closely-related taxa it is found that the total number of different messenger RNA sequences is no greater in those organisms of high C-value. However, nuclear activity also involves the transcription of many non-coding sequences which are contained, along with messenger RNA precursor sequences in heterogeneous nuclear RNA (hn RNA) molecules. In considering the hnRNA of related organisms of different genome size there is evidence to suggest that the higher C-value organisms transcribe more noncoding DNA.
A study has been made of the relative dimensions of primary transcripts, as ribonucleoprotein fibrils, in spread chromatin prepared from oocytes of different C-value amphibia. These dimensions have been compared with the size of hnRNA extracted from the same kinds of nuclei. Analysis is complicated by the observation that many primary transcripts are cleaved before they are released from the chromatin. Suggestions as to the ways in which large RNA transcripts are processed by cleavage to yield smaller and contiguous messenger RNA sequences are provided by an examination of the secondary structures found in hnRNA molecules. It has not been excluded that many RNA transcripts might serve some function other than in the production of mature messenger RNA sequences.
IN SITU HYBRIDIZATION OF DNA SEQUENCES TO RNA SEQUENCES ON NEWT LAMPBRUSH CHROMOSOMES H. G. CALLAN and R W. OLD Department of Zoology, University of St Andrews
Various 311-labelled DNA probes have been applied to preparations of newt (Triturus cr1 stat us carnftx) lampbrush chromosomes. Amongst those which have successfully hybridised are 3 probes containing histone gene sequences from the echinoderrns Psasnmechinus, Echinus and Strongylocentrotus, and the major loops which become labelled occur at 4 loci on chromosome I. Of another 3 probes which have successfully hybridized, 2 contain Xenopus globin sequences, and one contains human y-globin sequences; all three label one pair of loops on chromosome IX. A variety of controls have given uniformly negative results. The remarkable locus-specificity of the successful hybridizations has led us to suppose that the hybrids are formed between genuine coding sequences, but there remains some doubt about this interpretation. All the echinoderm probes are now thought to include a long dCT . dGA repeat in a spacer, and all the globin probes contain poly (dG . dC) as a consequence of the way in which the original recombinant plasmids were constructed. It may be that the hybridizing sequences are these simple repeats, a possibility which bears directly on the C-value paradox because in general terms, and considering Amphibia, the larger the C-value of a species the greater is the overall length of the species' DNA engaged in transcription in oocytes.
HIGHER ORDER STATES OF CHROMATIN

D. MALCOLM Department of Zoology, University of St Andrews, Fife
Chromatin preparations, isolated without recourse to detergent or polyion treatments, and dispersed for examination in the electron microscope, show structures of higher order based on the nucleosome unit. The extent of higher ordering appears determined by the source and by stage in the chromosome cycle, Irrespective of genome size or phylogenetic source, the pattern of higher ordering is the same. Nucleosomes appear to pack into higher condensates of "superbeads" or, alternatively, into linear coiled condensates of "solenoids ". The higher order beaded configuration is predominant in interphase chromatin, whilst the higher coiled configuration is representative both of polytene and meiotic chromatin as well as metaphase chromosomes. Where density differences occur, as in chromomeres and heterochromatic regions, the structure appears to be based on greater condensation of the coiled format. Evidence that the higher order structures are based on the nucleosome unit is presented from electron microscope visualisation of the transitional states and nuclease digests of chromatin preparations. The apparent ubiquity of the higher order states of ehromatin packing is understandable in terms of the constant relationship between C-value and nuclear volume. In Triturus cristatus and T. marussratus chromosome I is peculiar in that the long arm of one homologue is generally longer than that of the other. In the lampbrush chromosome complement the two long arms of chromosome I are heteromorphic with respect to the distribution of distinctive loop pairs. Chiasmata do not form in this heteromorphic region in either the male or the female. The heteromorphic region of I in T. rristotus and T. marmoratus is rich in middle repetitive and highly repetitive DNA sequences, as eharacterised by renaturation kinetics, and there is evidence that some such sequences are transcribed in the lampbrush stage.
The isolation and characteristics of highly repeated DNA probes, their locations on the chromosomes of several species of Triturus, and their patterns of transcription will be described. -bands (Bennett ci al., Chrsmosama 61, 149-176, 1977) . The nueleotide sequences of much of this additional telomeric C-band DNA have now been identified, completely purified by molecular cloning in bacterial plasmids and partially eharaeterised. More than half of the additional telomerie heteroehromatin in Secale cereale consists of a family of repeated sequences containing 04 to 06 x l0 copies of a sequence approximately 475 nucleotide pairs long. These repeated sequences are absent from Secale silvestre. A second family of repeated sequences occupying a much smaller proportion of the Secale cereale heteroehromatin is also absent from Secale silvestre. The recognition, purification and eharacterisation of these repeated sequences will be described. Comments relating to the influence of these repeated sequences on chromosome behaviour will also be included. The great majority of species which have been studied cytologically at meiosis show complete pairing of homologous chromosomes at pachytene, irrespective of their pattern of chiasma distribution. Light microscope studies, however, have suggested that a few species are characterised by incomplete pairing of homologues and that chiasmata are restricted to these regions of limited pairing (Darlington, Proc. Roy. Soc. Lond. B 118, 59-73, 1935; Henderson, Chromosomes Today 2, 56-60, 1969) .
PURIFICATION AND CHARACTERISATION OF REPEATED SEQUENCES
Electron microscopy provides a more rigorous approach to the study of chromosome pairing by analysis of the assembly of the synaptonemal complex and its final extent. Through the technique of three-dimensional reconstruction of synaptonemal complexes from serial thin sections, the process of chromosome pairing can be studied in great detail. This approach is illustrated by a comparative study of chromosome pairing in male and female meiocytes of the grasshopper Stethophyma grossum Mecostethus grossus) which are known from an earlier light microscope study to show very different patterns of chiasma distribution (Perry and Jones, Chromosoma, 47, 227-236, 1974) . This study demonstrates clearly that in this species the patterns of chiasma distribution correlate closely with the extent of chromosome pairing in the two sexes.
CENTROMERE ARRANGEMENTS IN TRITICUM AESTIVUM AND THEIR RELATION TO SYNAPSIS
M. D. BENNE1T
Piant Breeding Institute, Cambridge
Chromosome pairing is a multi-staged process comprising recognition, prealignment, first contact, and ongoing synapsis of homologues. There must also often be other steps controlling the spatial arrangement of chromosomes which ensure low levels of interlocking and/or exclusively bivalent formation in some polyploids. It is unclear when the pairing process begins. It maybe at different stages of development in different organisms. Somatic association has been widely demonstrated in some organisms including several cereal species of the wheat comparium, and Feldman has argued that it is an essential precondition for normal meiotic chromosome pairing in wheat.
Several thin section reconstructions have been made of bread wheat (Triticum aestivum cv. Chinese Spring, 2n = 6x = 42) nuclei in pollen mother cells at early premeiotic interphase, and in young microspores at the stage of dissolution of the tetrad wall. Centromeres are readily identified at these stages, and their number and disposition were counted and mapped. At these stages the nuclei are strongly polarised with all the centromeres grouped at one pole close to, but usually not in contact with, the nuclear envelope. In single nuclei of early premeiotic interphase, centromeres occurred singly and in clusters of from 2 to 4, 5, 6, or 7, with 2's being the most common. However, in single nuclei of young microspores centromeres occurred singly and in clusters of from 2 to 11, with 2's being uncommon.
The results show that in wheat pollen mother cells many or most chromosomes were attached in pairs (at least at the centromere) long before the formation of any recognisable part of the syriaptonemal complex. Whether such pairs of centromeres belong to homologues is unknown but this seems probable. The distribution of centromeres seen at early premeiotic interphase is not typical of centromere behaviour throughout development since pairs of centromeres were unknown in young microspores. Clearly some process was already controlling the pairing of centromeres before the start of leptotene. It remains to be seen both when this process starts to act, and whether it should be regarded as distinct from, or as part of, the process of synapsis mediated by the synaptonemal complex.
